ABSTRACT The mortality of 1947 Cumbrian iron ore miners has been studied over the period 1939-82 in relation to that among other groups of men in England and Wales: (a) all men, (b) men of similar social class, and (c) men living in similar types of(mainly rural) area. Significant excesses were found for deaths from tuberculosis and respiratory diseases compared with each of the reference populations. Lung cancer showed an excess over that in comparable (mainly rural) areas of England and Wales, as reported in a previous study using a proportionate method of analysis and which covered the period 1948-67 but no appreciable excess after 1967. Reasons for this decline are discussed.
Iron ore miners in Cumbria have been found to have a significantly increased mortality from lung cancer, an effect attributed either to the radioactivity in the underground air or to a carcinogenic effect of iron oxide.' In that study it was not possible to obtain adequate details of the population exposed and consequently the mortality data were analysed using a proportionate method. It was considered that a prospective study would be of interest, since this would allow not only a comparison of the findings with those of the previous study but also an examination of mortality from causes not covered previously. Such a study has now been carried out using data held in the National Health Service Central Register (NHSCR) for England and Wales.
Methods
Details were abstracted from the NHSCR by staff of the Office ofPopulation Censuses and Surveys (OPCS) of men resident in September 1939 in Ennerdale RD and Whitehaven UD, Cumberland, and whose occupation as stated included a mention of "iron ore mine"; those described as retired were also covered. In addition to the job description as given the details abstracted included dates of birth and, when relevant, dates of death or emigration.
In the case of deaths details of the underlying cause Accepted 6 April 1987 were obtained from the death certificates and coded by the OPCS according to the rules of the 8th revision of the International Classification of Diseases (ICD). In many cases the men were specifically described as "surface" or "underground" workers and the data for these categories have been analysed separately, as has also a third group comprising those in which neither term was mentioned. In a few cases when there could be no doubt about the matter a worker was allocated to one of the first two categories even though the words underground or surface did not appear-for example, "shopfirer" or "clerk in the iron mine". In addition, the mortality data were also analysed by the proportionate method used by Boyd and his colleagues.' As in the previous study this was restricted to men whose death certificates indicated that they had been iron mine workers. For this purpose, ratios were calculated for each age group and calendar period, from published mortality data for all rural districts of England The numbers resident in Ennerdale RD were 1859, of which 85 worked above ground, 845 below ground, and 929 were not specified.
Kinlen, Willows Table 4 shows the numbers of deaths below age 85 from major causes, together with the numbers expected if the study group had experienced a mortality similar to that of all men in England and Wales.
In the study group as a whole mortality from all causes was increased by over 20%, mainly due to a 60% excess mortality from respiratory diseases, a 3 6-fold increased mortality from tuberculosis, and a 50% excess mortality from accidents and violent causes. There was also a slight excess of deaths from circulatory diseases but no increased mortality from malignant disease. Among underground miners the excesses were more pronounced, being 50% for all causes combined, with cancer showing a 28% excess. Indeed all the major causes examined showed larger excesses among underground than among surface or unspecified mine workers. Table 5 shows details of observed and expected numbers of specific cancers. In the whole group there was no excess of lung cancer but in underground workers there was a 21 % excess. Of other major sites, stomach and colorectal cancer showed excesses of 25% in the whole group and among underground workers of 53% and 45%, respectively. tOf which 41 were silicosis (lCD 515(0). Table 6 shows the numbers of deaths from major causes and from certain cancers with expected numbers calculated using mortality rates for social classes III and IV combined, the group to which miners are allocated by the Registrar General. In most cases the findings are similar to those in the previous analysis (table 5) , though in the case of stomach cancer the excess is more pronounced (observed to expected ratio 139 compared with 124). An adjustment for social class would be expected to reduce, not increase, the SMR for stomach cancer. It should be noted, however, that the lower value refers to all ages (table 5) whereas the social class analysis refers only to men aged under 65. In fact the ratio for men of these ages of observed to expected numbers, using national stomach cancer mortality rates, is 1[54, so that the above value of 1 39 does represent a reduction, when considering comparable age groups. Table 7 shows the results of the corresponding analyses using death rates specific for urban and rural areas. With the exception of deaths from circulatory diseases and violent causes which were not appreciably altered, all the excesses became more pronounced when these new rates were used as the standard. Compared with men in similar mainly rural areas, iron mine workers had a 23% excess mortality from neoplasms (50% in underground workers) and a twofold mortality from respiratory diseases (2-3-fold in underground workers). The increased mortality from tuberculosis amounted to 7 6-fold (10 3-fold in underground workers) whereas for lung cancer there was a 30% excess (50% among underground workers).
DIFFERENT CALENDAR PERIODS
The years 1948-67 were covered by Boyd and his colleagues and for this period analyses were carried out by both the man-years at risk and the proportionate methods. The results are summarised in table 8. In the proportionate analysis factors were derived as in the Boyd study from mortality data from all rural districts of the country and from all urban areas with populations under 50 000 (see Methods). The number of deaths analysed by the proportionate method is smaller than in the corresponding man-years analysis because the former was restricted to a subgroup of the Of the 86 deaths attributed to silicosis or silicotuberthe excess of deaths from lung cancer in the present culosis, 29 occurred between 1939 and 1946 and 57 study using urban rural specific mortality rates, between 1947 and 1966. No death from these causes whether in the man-years (59%) or the proportionate was recorded after 1966. No subject in the study had analyses (55%), and the proportionate findings in the his death attributed to "pulmonary siderosis." Table 7 Observed and expected numbers of deaths from major causes and for certain malignancies. (Expected numbers calculated using urban and rural area specific mortality rates) The highest radon levels recorded in 1969 were in a mine in the study area that closed in that year, and these ranged from 0 35 to 3 2 WLs (median 2 0). The ranges in the other three mines were 0 3-1 0 (median 05), 0 3-0 8 (median 0 6), 0-3-0-8 (median 0 6), and 0 15-0-2 (median 0 15) WLs. In 1973 the levels in the same mines (though not identified to allow individual comparisons) were 0-005-0 3 (mean 0-02), 0 1-0 2 (mean 0-6), and 0-3-0-85 (mean 0 6) WLs. 45 Despite 
